Objectives: This review aims to evaluate if the use of hypotonic saline solutions as maintenance intravenous fluid therapy in hospitalized children increases the risk of hyponatremia, if the administration of isotonic fluids is able to protect against acquired hyponatremia and if the isotonic solutions increase the risks of deleterious effects such as hypernatremia or fluid overload.
Introduction
Hyponatremia is defined as the concentration of seric sodium under 136 mmol/L. When symptomatic, this disturbance can occur as dysfunction of the central nervous system (CNS), characterized by: cephalia, nausea, vomiting, lethargy, disorientation, depression of tendon reflexes, convulsions, permanent neurological dysfunction, death due to cerebral edema and herniation of the cerebral trunk. 1 Brain damage and death have been described as being associated with hyponatremia acquired in hospital, in both children and adults. [2] [3] [4] The main factor which contributes to the development of this disturbance in hospitalized patients seems to be the routine use of hypotonic fluids in those Isotonic saline solution as maintenance intravenous fluid therapy to prevent acquired hyponatremia in hospitalized children with free water excretion impaired, as those with excess arginine vasopressin (AVP). [5] [6] [7] Practically all the hospitalized patients have a risk of developing hyponatremia as a result of multiple potential stimuli for producing AVP. 2 These stimuli can be hemodynamic, as in the cases of hypovolemia caused by: vomiting, diarrhea, use of diuretics, renal salt loss, hypoaldosteronism; or in the cases of hypervolemia caused by: nephrosis, cirrhosis, congestive heart failure and hypoalbuminemia. The stimuli of non-hemodynamic origin include: inappropriate antidiuretic hormone release syndrome, a condition present in disturbances of the CNS in patients with meningitis, encephalitis, hypoxic lesion or brain abscess; pulmonary diseases as asthma and pneumonia; tumors of several sites (pulmonary, brain, genitourinary, leukemias and lymphomas); use of medication (carbamazepine, cyclofosfamide, vincristine and morphine); postoperative occurrences (stress, pain, cortisol deficiency). 1, 2 Practically all the patients requiring maintenance fluids have a potential stimulus for excess AVP and should be considered to be at risk for hyponatremia. 8 Studies in hospitalized adults and children with hyponatremia have detected non-osmotic secretion of AVP in most of the patients. [9] [10] [11] Besides this, children are a group at risk for developing postoperative hyponatremic encephalopathy. In these cases, the cutoff point of the concentrations of seric sodium associated with the convulsions is higher than that observed in adults, probably due to the greater cerebral volume of the children. 7 The administration of hypotonic fluids to patients with excess AVP makes the development of hyponatremia, a condition present in up to 30% of hospitalized patients, [12] [13] [14] [15] predictable.
The decision to use hypotonic fluids in children was proposed in 1957 by Holliday & Segar, who justified this option by the consumption of energy in healthy children and by the composition of maternal and cow milk. 16 This is still the recommendation in force in pediatric medical texts. 17, 18 Recently, several studies 2, [5] [6] [7] [19] [20] [21] [22] Solutions were considered to be hypotonic if they contained a concentration < 0.9%, and isotonic or approximately isotonic if they contained a concentration of 0.9% or if Ringer lactate.
-Population: from 0 to 18 years old, hospitalized for any clinical or surgical condition, and requiring parenteral maintenance fluids.
-There was no publication language restriction.
-The titles and abstracts of all the citations were revised by an author, and all the articles which satisfied the addition criteria for the population, intervention, comparison and outcomes of interest were recovered in full. The systematic reviews were evaluated according to specific protocols, 23, 24 and the controlled randomized studies were evaluated by the Jadad score.
-Outcomes: occurrence of acquired hyponatremia in hospitalized children. Hyponatremia was defined as plasmatic sodium concentration < 136 mEq/L. 1
Publication exclusion criteria
-Editorials, case reports, articles which included an adult population in analysis, non-systematic reviews, book chapters, articles with contents not related to the search theme.
-Studies with children involving intravenous or oral fluid therapy for rehydratation and not for maintenance.
Studies involving premature newborns, owing to the particularity of their sodium and water balances. 25 -Studies with patients carriers of prior hyponatremia or with comorbities which resulted in sodium dsturbances.
Outcomes evaluated
-Occurrence of acquired hyponatremia in hospitalized children. 26 A study of which the main objective was to evaluate the safety of isotonic and hypotonic intravenous maintenance solutions in hospitalized children. The secondary objective was to identify subgroups who had a greater risk of morbidity and for whom the hypotonic solution should be avoided. The following were included: two controlled and randomized tests; one controlled, but not randomized; and three observational studies. Adverse outcomes were reported in three of the review studies: Wilkinson et al. 27 reported convulsions in 2/26 patients receiving hypotonic fluids; Hoorn et al. 12 described a greater frequency of nausea and vomiting in patients with hyponatremia compared with the isonatremic controls; Burrows et al. 28 The study design was not a limiting factor, but studies with premature newborns and those in which the population had used fluids for rehydratation were excluded. 3 studies were selected, all of them observational.
Critical literature review
Only the study of Burrows et al. 28 compared hypotonic with isotonic solutions, and only a few patients received the isotonic solution: just four compared with 20 who received the hypotonic solution, which weakened the internal validity of the study. Furthermore, the patients were from a specific postoperative population, which makes it difficult to generalize from the results to other patients who did not have these characteristics.
In the study of Hoorn et al., 12 the cases received three times more water free of electrolytes than the controls (p < 0.001) and a greater total volume of fluids (p < 0.001).
Beck 29 concluded that, in spite of the observational studies suggesting an adverse secondary outcome when using hypotonic solutions in hospitalized children, the isotonic saline solution has not been well evaluated concerning the efficacy to prevent hyponatremia, the risk profile of volume overload, or the risk for hypernatremia. The author suggests that more prospective studies comparing hypotonic and isotonic fluids, as well as the volume of fluids infused should be performed.
The limitations of this study according to the reviewers were as follows: 1) all the studies included were observational, with biases inherent in this type of study and confounding variables which were not suitably discussed;
2) the author did not define, in the addition criteria, which concentrations the solutions considered to be hypotonic and isotonic had. 
Discussion
Holliday & Segar 16 proposed a method to calculate the maintenance of water using simple calculations. The estimated requirement for maintenance was determined as being 100 mL/100 kcal/day of hypotonic solution with sodium 3 mmol/100 kcal/day. 35 Although this hypothesis has not been confirmed in any clinical study, hypotonic solutions have been used for maintenance fluid therapy in pediatric patients, 31 in spite of warnings that, in specific situations, these requirements should be altered. 35 This recommendation may not be associated with any risk in the case of healthy patients, but can have undesirable effects in sick children with limited ability to excrete free water. 31 In the presence of acute infections there is hydric retention by greater secretion of ADH, and the administration of more sodium and less free water can reduce the risk of hyponatremia. 35 A significant correlation between gain in free water and reduction in plasmatic sodium has been shown, 36 and the primary source of free water is the exogenous administration of hypotonic fluids. 28, 37 The systematic review made by Marthur et al. 30 In spite of the tonicity of the fluids being at the heart of the discussion in most of the studies, 2,5,6,38 the volume of liquids infused can play an important role in the disturbance of the sodium, and this variable was examined in two studies of this revciew. 33, 34 In both the studies the infusion rate of fluids did not affect in a statistically significant manner the disturbance of the sodium, the variable of the hypotonicity being responsible for the hyponatremia. In the study of Kannan et al., 33 the group which received a restricted rate of fluid infusion had a larger number of cases of hypernatremia, without being statistically significance, and no child was dehydrated. The authors of this study 33 attributed the reduced excretion of water to the higher levels of vasopressin, other cases which can cause loss in the excretion of water, as kidney failure, contraction of the intravascular volume or use of diuretics being excluded.
The levels of the plasmatic vasopressin were measured in 54/167 (32%) of the patients, and were found to be high in the three study groups, but without being statistically significant (p = 0.54; 0.39 and 0.1 for measures taken at the start of the study, and after 24 and 48 hours respectively). In the study of Neville et al., 34 Regarding the issue of whether isotonic fluids are capable of protecting against iatrogenic hyponatremia, three studies 31, 33, 34 showed that these solutions can be used as maintenance fluid therapy in hospitalized children with a protective effect. According to Montañana et al., 31 this recommendation could be extended to patients with the same characteristics as those of the study, with both clinical and surgical conditions and with base values of natremia of 130 to 150 mEq/L, a more liberal recommendation than that reported in an observational study, 12 in which the infusion of isotonic fluids was recommended for patients with seric sodium < 138 mEq/L or undergoing surgery. The authors believe that isotonic fluids should be given to all the patients as maintenance therapy provided that they do not have a large urinary loss of free water (diabetes insipidus) or abnormalities in the plasmatic sodium. Kannan et al. 33 concluded that the isotonic saline solution with a standard maintenance rate reduces the occurrence of acquired hyponatremia in hospital.
Isotonic saline solution as maintenance intravenous therapy -Alves JT et al.
Owing to the theoretical risks of hypernatremia, hypertension by increased blood volume arising from the osmolality above the physiological one, the hypotonic solutions continue to be used, 7 although, so far, no collateral effect has been reported from using isotonic fluids in children. 31 In the review made by Choong et al., 26 the studies selected did not support the concern that isotonic fluids can cause hypernatremia, a condition also not reported in adults, in whom the isotonic fluids are routinely used. 26 In the studies made by Kannan et al. 33 and Neville et al. 34 , hypernatremia was observed in the patients who received a restricted rate of infusion of fluids, but not in the patients who received an isotonic saline solution with a standard maintenance rate.
It should be pointed out that the there is also a risk of hyponatremia for patients who receive isotonic fluids. 37, 39 Steele et al. 40 Therefore, the supposed risks of employing the isotonic solution do not seem to be a reason affecting the decision to use it. 31 This study did note valuate alterations concerning the acid-base equilibrium and, although the authors recommend isotonic fluids, it is yet to be determined if it is advisable to administer fluids with sodium in another form than chloride, owing to the risk of hyperchloremic acidosis.
This review looked at a current clinical issue relevant to caring for seriously ill pediatric patients, seeking, through a critical review, the best evidence available. The following limitations should be considered for this study: only one reviewer selected the articles included in the review; one of the systematic reviews was only composed of observational studies, with the biases known to be inherent in this type of study and in which confounding variables were not appropriately reported; part of the population evaluated taking part in three of the studies included 26, 32, 34 
